The polymerase chain reaction (PCR) was used to detect bovine leukemia virus in bovine blood samples. When applied to leucocytes extracted from the blood samples, the standard method of DNA extraction gave good correlation with agar gel immunodiffusion, but a method in which 5 µl of blood was the starting material was unreliable. Selection of the primers was important, and differences in results were observed when the PCR method was applied to blood samples from different geographic areas. The sensitivity varied from 50% to 90%, depending on the primer set applied to the gag gene of proviral nucleic acid. This variation was based on geographic origin of the cattle, suggesting an influence of viral strain. In some areas, more than 1 primer may needed to optimize results. From the Ministère de l'Agriculture des Pêcheries et de l'Alimentation du Québec (Marsolais) and Institut Armand-Frappier (Marsolais, Dubuc, Bergeron), 531 boul. Des Prairies, Laval-des-Rapides,
Bovine leukosis (BL) is a disease of low incidence in Canada 27 but results in economic losses due to decreased milk production and reproductive efficiency, weight losses, death, and condemnation at slaughter. 8, 20 The greatest economic impact is the importation restrictions placed on infected cattle. The disease is caused by a retrovirus that primarily infects B lymphocytes, leading to a serologic response and in some cases to onset of disease characterized by persistent lymphocytosis and/or tumor formation. 4 In infected animals, about 25-33% of the circulating lymphocytes contain 1-4 BL proviral copies per genome. 11 Several methods have been used for the serologic diagnosis of infection: complement fixation, 15 agar gel immunodiffusion (AGID), 13, 16 radioimmunoassay, 14 enzyme-linked immunosorbent assay (ELISA), 21 and blocking ELISA. 7 The virus can be isolated and its presence detected using fluorescent antibodies, but these methods are time consuming and expensive. 6, 22 Because leucocytes of infected animals can harbor copies of bovine leukemia virus (BLV), researchers have used the polymerase chain reaction (PCR) to detect the virus from blood leucocytes or tumor. [1] [2] [3] 9, 10, 12, [17] [18] [19] 26 This study was undertaken to evaluate the efficiency of this new technology as a routine diagnostic tool for BLV and to determine if geographic differences could affect the results.
Materials and methods

Blood collection and treatment
Whole blood and serum were obtained from adult cows randomly selected at Utah State University's dairy farm, from adult cows screened before introduction to a BLV-free farm, and from a Quebec dairy farm that has been BLV free for 12 years. All animals appeared in good health at the time of venipuncture. Whole blood was collected in ethyenediaminetetraacetic acid (EDTA) or heparin vacuum blood collection tubes a (5-6 ml) and divided into 2 parts for the different approaches used (standard and micro method). The choice of anticoagulant did not affect the results.
Standard method (3 ml). Leucocytes from a 3-ml sample were extracted on Ficoll b gradients according to the manufacturer's recommendations. After 3 washings with phosphate-buffered saline (pH 7.4) the pelleted leucocytes were resuspended in 465 µl of digestion buffer (100 mM NaCl, 10 mM Tris-HCl [pH 8.0], 25 mM EDTA, and 0.5% sodium dodecyl sulfate) and digested overnight with 1 mg/ml of Proteinase K c followed by phenol-phenol/chloroform-chloroform extraction and precipitation with ethano1. 24 To insure complete evaporation of the ethanol and avoid cross contamination in the evaporator, d samples were left, cap open, at room temperature overnight. The dried DNA was then resuspended in 100-200 µl of Tris-EDTA (TE) buffer for a final concentration of 0.5 µg/µl. The positive control was DNA extracted from fetal lamb kidney cells chronically infected by BLV (FLK-BLV e ).
Micro method (5 µl) . Using known protocol, 5 µl of whole blood was suspended in 41.5 µl of nonionic detergent to which 3.5 µl of Proteinase K was added for an overnight digestion at 56 C. 29 The samples were then heated to 95 C for 10 min, centrifuged, and stored at -20 C in 5-µl aliquots.
Controls
Seven bovine viruses, several bovine tissue culture cells, and mouse leucocytes (see Table 4 ) were tested using PCR. Except for bovine enteric coronavirus that was grown on HRT 18 cells f all viruses were grown on virus-and myco-Rapides, PQ, Canada).
Probe preparation
The BLV probes consisted of a 462-bp BLV segment, flanked by Pst 1 restriction sites on the p24 gene. DNA from the PUX-gagplasmid containing the insert was digested with Pst 1 endonuclease. h The excised fragment was subcloned in pBluescrip plasmid in E. coli JM109. i Cells were then purified by alkaline lysis, and the pelleted plasmid DNA was dissolved in 3 ml of TE buffer before centrifugation on a cesium chloride-ethidium bromide gradient. 25 The purified DNA was linearized with HindIII enzyme and labelled by random primed incorporation of digoxigenin-labelled dUPT, using a commercial kit. j final concentration of 50 pmol/µl, and 5 µl of the DNA to be amplified. The reaction volume was brought to 50 µl with sterile distilled water, and 0.5 µl of 2.5 U/µl Taq polymerase h was added. The reaction mixture was overlaid with 50 µl mineral oil, and DNA was amplified through 30 cycles after initial heating for 10 min at 80 C using a DNA thermal cyc1er. 1 Reaction mixtures were incubated at 94 C for 1.5 min, at 55 C for 1.5 min, and at 72 C for 1.5 min for each cycle, followed by a final elongation of 10 min at 72 C and then holding 4 C until the instrument was turned off.
Reamplification of samples was performed by withdrawing 1 µl of reaction product from an amplified sample and subjecting it to an additional 30 cycles in fresh reagent in a total volume of 50 µl. All negative samples were rerun in each Agar gel immunodiffusion test experiment. Reagent control lacking DNA but containing all other reaction components was included in every experi-The AGID test kit k was used to detect antibodies to BLV ment. Reamplification was also performed for the positive according to the manufacturer's recommendations, using 75 control. µl of serum and reagent per well. Results were read after 48
After amplification, 10 µl of the reaction mixture was elechr at room temperature.
trophoresed on a 1.5% agarose gel at 60 V for 1.5-2 hr, and
DNA amplification
photographed on a UV transilluminator to visualize amplified fragments. The reaction mixture was prepared and distributed in 50µl aliquots. This mixture contained 5 µl 10 x buffer (100 mM Hybridization analysis Tris-HC1 [pH 9.0], 500 mM KCl, 15 mM MgCl 2 , 1% Triton
The Southern blot method was carried out using filter hy-X-100), 5 µl of 2 mM dNTPs, h 0.5 µl each of the primers at bridization methods. DNA samples were transferred from Table 3 . Application of AGID and standard PCR technologies (using primer sets 1 and 3) to samples from cattle screened before introduction into a BLV-free herd in Quebec. the gel to a nylon membrane, 24 and hybridization was carried out with a commercially available kit. j
Results
The objective of this study was to evaluate the suitability of PCR technology for BLV detection using DNA extracted from buffy coat cells. Initial runs were done on samples taken from the Utah State University dairy herd. These animals had been checked annually for BLV since 1985. The results of AGID tests of these cows and the results of PCR amplification with primer set 1 are shown in Table 2 . Out of the 10 known seropositive animals, 9 were positive by the standard method, and out of the 14 seronegatives, 2 were positive. Ten samples were tested by the micro method, and 2 out of 3 animals positive by the standard method were positive by this method.
Using the same primer set, this technology was ap- plied to 32 Quebec samples from adult cows selected for introduction into a BLV-free farm. Among 20 seropositive animals, only 10 were positive by PCR (Table 3). Therefore, 2 other primer sets were designed and used (Table 1 ). Using primer set 2, no seropositive animals were positive by PCR (data not shown). Using primer set 3, 16 out of 20 seropositive cattle were positive by PCR, and 1 of the seronegative cattle was positive by PCR (Table 3) . Reamplification of PCR products of the samples resulted in more positive results, 1 from the seropositive and 3 from the seronegative samples. Southern blot hybridization analysis on some samples confirmed these results. To compare primer set 3 with primer set 1 using samples from Utah, blood samples were obtained from 20 cows from the Utah State University dairy and processed for PCR by the standard method. Of 7 cows positive using primer set 1, 5 were positive using primer set 3. None of the 13 other cows was positive by PCR.
When PCR was applied to DNA extracted from leucocytes of 12 animals from a BLV-free herd, none of them were positive even after reamplification. The PCR technique also gave negative results when used on 7 other bovine viruses and DNA obtained from bovine or other animal species (see Table 4 ).
Primer set 3 was used on DNA extracted according to the micro method. None of 15 AGID-positive cases were positive after PCR amplification and reamplification (data not shown).
Discussion
The results of this study show that the PCR technology can detect BL proviral DNA in cattle leucocytes. However, the sensitivity of detection compared to that of the AGID test is highly dependent upon the design of the primers used in the PCR, probably because of strain differences.
PCR and AGID results for samples from cattle at the Utah State Universitv farm were in excellent agree-ment. However, the agreement was only 50% when this first primer set was used on seropositive samples from Quebec. A second primer set did not permit detection of any positive animals from known AGIDpositive field samples. A third set was then designed to improve the detection of BLV by PCR in samples from Quebec. After 2 runs of PCR amplification, 4 seropositive samples remained negative, whereas 4 seronegative samples were positive. These results have been confirmed by repeating at least twice each sample and occasionally with an additional blood sample collected 1-6 months later. Using the same protocol with 12 samples from a BLV-free herd, the PCR results agreed 100% with those of AGID; all samples were negative.
PCR using primer set 1, which gave good results with animals in Utah, failed to detect known positive samples from different areas of the province of Quebec, suggesting strain differences between Utah and Quebec. Displacing the location of the primers along the same region of the genome resulted in greater sensitivity. Also, although primer set 3 had greater sensitivity when used on samples from Quebec, it was less sensitive when used on samples from Utah than was primer set 1.
The restriction maps of Japanese, Belgian, and American BLV strains differ significantly, 23 and the integrated provirus of the Australian strain differs significantly from the other three. 5 This is a likely explanation for the different results obtained from cattle in Utah and Quebec.
From a diagnostic point of view, PCR is not yet applicable as a herd test for BLV. Even with the standard method of extraction, time and reagents required are difficult to justify for routine testing. Furthermore, genomic variations among different strains of BLV may require the use of more than 1 set of primers to confirm the results. Because there are PCR-positive, AGIDnegative results, the possibility of false-positive results should be considered. The false positive results can also be explained by the lag time between infection and seroconversion. 10 PCR for the detection of BLV could be used in conjunction with AGID to test valuable animals for importation or exportation and for cases of special diagnostic interest.
